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Abstract
The research methodology applied in this work, consisted of the following steps: initially, we collected work that applied 
subjective analysis methods in a decision making process in order to choose the appropriate interaction solution(s) to the 
users’ preferences. Then, we verified the characteristics of the multi-criteria approaches found in such works, which did not 
provide designers with support to define what to evaluate in solutions, how to assess them nor to what purpose the analysis 
is made. Subsequently, we derived a general process, from which we could identify the main elements to generate an 
evaluation model. Such elements refer to interaction aspects, concepts, techniques and methods coming from different areas 
of computer science
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1. Introduction
There is a consensus among researchers of Human-Computer Interaction (HCI) about the elaboration of 
design alternative solutions before producing the final solution. Taking into account users’ opinion is an action 
that has also become more prominent in this field [1], [4] and [18], especially when designers are analyzing the 
appropriate solution(s) [2] and [28]. Structured evaluation methods consider quantitative variables (such as 
quantity of errors, number of times that the user consulted help, time taken to find a new function, etc.) [23]. 
Research has evaluated qualitative factors (like users’ satisfaction and their emotion towards technology) 
through evaluator observations and users’ comments during usability tests [20], [21] and [22]. The users are 
encouraged to judge the attractiveness of the interface, and from these comments, evaluators produce 
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qualitative texts [29]. All these factors (such as the aesthetic quality of a product [1], the satisfactory User 
eXperience (UX) with the system [2 - 3]) can affect the individual judgment analysis and influence users’ 
preferences for a solution.
Since this is a subjective analysis process, some works ([4], [5], [6], [10]) have applied Verbal Decision 
Analysis (VDA) to choose the appropriate solution(s) from the users’ preferences. By using VDA methods, the 
problems are represented by qualitative means (verbal) and there are no numeric measures to quantify the 
degree of the users’ preferences for determined values.
In the context of this article and these above listed works, the problem to be evaluated is the same: graphical 
prototypes containing alternatives of solution about the interaction aspects of an interactive system under 
development. However, unlike this article, these previous studies did not describe which elements of User 
Interface (UI) that can be used to define this problem. The notion used within “UI element” — similar to the 
notion of interaction element — refers to the interaction aspects of a system, the users are expected to have 
satisfactory experiences when using it.
In a more specific way, consider the following situation arising due to the application of a VDA method for 
prototypes based on analysis multi-criteria approach [24]: stakeholders involved in the method application (a 
designer and / or a Verbal Decision Analysis Professional) should do the Problem Formulation, that requires 
the definition of UI criteria and/or the definition of the alternatives of criteria values. To support such 
definitions, in [9] and 15], the authors just suggest that the definitions of interaction be made from the system 
requirements in the study. In [8], the authors suggest the definition of hypothesis, which would be suspicious 
generated by the designer on the most appropriate UI elements. Despite the suggestions, there is no definition 
of the possible UI elements, which could guide the definition of the criteria.
Another situation is that the VDA methods that are applied evolve, thus requiring a redefinition of the 
concepts used by them. For example, the concept of the criteria used in [7] is different from the concept used in 
[4]. Following this rationale, the main research question of this paper emerged from a Multi-criteria Analysis of 
Interaction Solutions process (Called MAIS). The question is: What UI elements can represent a MAIS process? 
To answer this question, we define the MAIS model to guide the stakeholders (designer, evaluator of UI) to 
structure what to evaluate in interaction solutions, to describe how to assess them and to define the expected 
results of the evaluation.
This research was aimed at describing such evaluation model from a comparative analysis of some case 
studies, consisting of our previous works, in which one or two VDA methods were applied for interaction 
analysis. The contribution of this paper is the description of such model, which can be used to support the 
problem formulation in a MAIS process. This MAIS model aggregates elements (such as concepts and 
techniques) coming from different fields, such as Software Engineering, HCI, and Multiple Criteria Decision 
Analysis (MCDA).
The structure of this article is as follow: Section 2 illustrates the Verbal Decision Analysis. Section 3 
presents the MAIS model proposed. In the sections, 4 and 5 describe the methodology and applying this model, 
before the conclusion section 6. 
2. Verbal Decision Analysis
The research results of the previously works showed that the use of qualitative methods of decision support 
can significantly benefit decision makers (such as designer, interaction evaluator) on selecting the preferred 
interface for future development of the final interactive system.
MCDA is an area that involves such methods to support a decision making process [23]. The VDA [17] is a 
part of MCDA, in which the problems are of qualitative nature and are difficult to be formalized, being called 
unstructured problems [16].
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The ZAPROS System was created to be applied by pair comparison. It proposes the conception of 
comparing a pair of alternative with advantage of providing decision make using simple and understandable 
dialog. It is also divided into two options of methods: ZAPROS-III differs from ZAPROS-LM in its level of 
treatment of inconsistence. ZAPROS-III can be considered an evolution of ZAPROS-LM in this concept.
A disadvantage of the method is that the number of criteria and values of the criteria handled are limited, 
since they are responsible for the exponential growth of the problem's alternatives and the information required 
for the process of users’ preferences elicitation. Moreover, the scale of preferences is essentially qualitative, 
defined with verbal variables. This causes losses in the comparison capacity, because there are no exact values 
assigned to these symbols, which leads to the absence of overall values - best or worst in any kind of situation, 
and cannot be recognized computationally. Therefore, there are many incomparable alternatives, which may 
lead to an incomplete result. The ZAPROS III-i method presented improvements to the original methodology, 
especially regarding the incomparability issues, increasing the power of comparison of the methodology [16]. 
On the other hand, ZAPROS III-i method is structured in three well-defined main steps: Problem Formulation, 
Elicitation of Preferences and Comparison of Alternatives, and aims at ranking multi-criteria alternatives in 
scenarios involving a rather small set of criteria and criteria values, and a great number of alternatives. The 
relevant criteria and their values to the decision making process, and the scale of preferences based on the 
decision maker's preferences are obtained in the first and second stages, respectively. In the last stage, the 
comparison between the alternatives based on the decision maker's preferences is performed.
Moreover, ORCLASS method (Ordinal Classification) [15] differs from the other verbal decision analysis 
methods (such as ZAPROS) because it does not consist of ordering alternatives in a rank, but it aims at 
classifying the multi-criteria alternatives of a given set: one does not need to determine the complete preferred 
order of alternatives. The decision maker only needs these alternatives to be categorized into two groups: 
acceptable and unacceptable designs and only prototypes of the first group will be ordered based on the 
ZAPROS III-i method so that a preferable interface will be selected. Analyzing the group sets obtained from 
the application of ORCLASS, it is possible to identify that any prototype composed by the criterion values that 
belong to the second group will not be accepted. Thus, decision rules may be written based on such criterion 
values [18].
3. Related works and the main issues for a MAIS process
This section presents the results derived from a comparative study of works that applied VDA methods.  
We verified that such works performed the analysis of the alternatives of prototypes of an interactive system 
under development. The results are the general definition of a MAIS process as well as the characteristics of the 
approaches adopted in these works. In general, the MAIS process adopted is described as follows. Initially, to 
one specific solution of a graphical prototype, a set of criteria and their values are described. If one prototype 
has three criteria, each one with three possible values, eight alternatives of the multi-criteria problem (called as 
multi-criteria alternatives of the prototype) would represent the users’ preferable and non-preferable 
alternatives for such prototype. The identification of the users’ preferences for the alternatives starts with the 
formulation of the problem stage into a classification process (like ORCLASS) until the rank ordering of the 
alternatives stage of the ZAPROS framework, for instance. For more information about the process, consider 
the suggestions described in next sections. In the following paragraphs, we describe the items used for 
comparison in the case studies evaluated:
Type of prototypes: Prototypes are the instruments used by any designer interested in the selection of the 
interaction aspects that fit to target users' needs. In Table 1, this item refers to the definition of the types of 
prototypes used in each work; which can be paper, graphical or executable [25]. Using prototypes on paper, it 
is possible to evaluate the navigation between screens, the inappropriate location of interface elements, and the 
ambiguity problems of the terminology adopted. When the prototypes are implemented in UI design tool, they 
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become graphical prototypes. The latter allow more resources for evaluation, such as checking the physical 
comfort of the user operation when performing an activity (ease / difficulty of typing), the (god/bad) graphical 
representation of icons and symbols, etc. Finally, there are the executable prototypes, which are codified in the 
same programming language of the future system. With them, the evaluator checks, for example, the (high/low) 
complexity of user activities and the (good/bad) user performance;
User Participation: Recent research reveals that the understanding of subjective user satisfaction is an 
efficient parameter for evaluating interfaces of a system [7], and emphasizes the importance of collecting users’ 
opinion during the use of the system. One way to do this is to require the users’ participation (by writing or 
speaking of how they feel about the system) while evaluation techniques are being applied (in a manual or 
automatic way). This item refers to verify if the work made the application of UI evaluation techniques with the 
user participation;
Definition of a criterion value: This item seeks to identify what has been considered on works as criterion 
values.  A criterion can refer to: i) an attribute of screen like an interaction aspect, such as the navigation style, 
the interface object position on screen, the interaction mode, etc., or, ii) an instantiation of a set of attributes of 
a screen (see table 2);
Results of the process: In this item, the achievements of each work with the application of the VDA 
methods were verified;
Verbal Decision Analysis Methods: The evaluated works may apply different methods involving 
classification and ordering strategies. In this item, the methods used are specified;
Assistance to the professionals: This item refers to the assistance that the works provide to the 
professionals, that can be UI professionals (such as the designer, who elaborates the graphical prototypes; the 
evaluator (like a usability test analyst)) and VDA professionals, who have knowledge in concepts of MCDA.
The results of the comparative analysis of the studies by the items specified above are depicted in Table 1.
Table 1. Comparative Analysis/Methods X Studies
Carvalho et al. [5, 6 and 9] Chagas et al. [9 and 10] Machado et al. [16 and 24]
Type of prototypes Three graphical and executable 
prototypes for a mobile DTV 
application
Three graphical and executable 
prototypes for a DTV 
application
Six graphical prototypes for an 
educational application
User Participation Yes, usability test sessions with 
12 users were performed before 
ZAPROS method application
Yes, in usability test sessions 
with 9 users were performed 
before ZAPROS method 
application
No, only VDA professionals 
are the decision makers
Definition of a criterion An attribute of screen (interaction 
aspect)
An attribute of screen An attribute of screen and an 
multi-criteria alternative of the 
prototype
Results of the process The graphical prototype 
suggested fits the best multi-
criteria alternative. In addition, it 
suggests a redesign process.
The graphical prototype 
suggested fits the best multi-
criteria alternative.
Any graphical prototype is 
selected. Rules of decision are 
generated after the VDA 
methods application in order to 
guide latter this selection
Verbal Decision Analysis 
Methods
ZAPROS III framework ZAPROS III framework ORCLASS and ZAPROS III-I
methods
Assistance to professionals No A rational design process was 
defined that serves as a log of 
the decisions taken. 
Two tools: OrclassWeb[14] 
and Aranau [26]
The application of the MAIS process is not trivial for any stakeholder. Referring to the last line of the above 
table that is the reason works provide professionals with tools to apply the VDA methods or with a historic of 
decisions taken. Any of the works support the definition of the interaction aspects neither in the formulation of 
the problem nor the ordination of alternatives. They will be structured in this work, subject to be explored in 
the next section.
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4. The Model for the Analysis of Multi-criteria Interaction Solutions
Before presenting the proposed model, we introduce the main aspects to be considered in a project of 
interaction design of an interactive system.
4.1. Interaction Aspects used in Design Solutions for a MAIS process
As already mentioned, the product, problem object under study, is an interactive system, which is used by a 
particular user, who wants to achieve a certain goal. For this purpose the user performs one or more activities
(eg, search, navigate) using devices (such as mobile phone, computer, tablet, etc.) in specific contexts of use
(such as walking through a park) and exchanging data with the system by mean of input and output modalities
(such as talking, typing a text, etc). The modality aspect is associated with the human senses (such as touch, 
smell, taste, vision, and hearing) [10] and [12]. The data aspect refers to the content that is manipulated by the 
user through the system interface (as an educational material). It is expected that such system be easy to use 
(has good usability), allowing the users to perform their activities with satisfaction and in efficient and effective 
ways. Importantly, the evaluator has to deal with these aspects to analyze the usability of a system.
4.2. Interaction Elements of the MAIS Model
The eight elements of this model are the following:
User - It is all the individual related points that influence the interaction, such as psychological profile, level 
of familiarity with technology, emotions during the event, etc [2]; 
User Interface (UI) requirement – This element refers to one or more aspects of the interaction mentioned 
previously. It is used to derive the criteria as well as to verify the usability of the system under development. UI 
requirement examples could be for a system to have the interaction modality suitable for the users’ tasks; for 
the device being used to be appropriate for the user activity; for the user interface to be friendly, etc. Other 
requirements may also affect the user experience of interaction with the system. They consist of accessibility 
requirements, which serve to ensure cultural, educational and physical users; privacy requirements, which 
should assure the users that there identity is preserved, among others;
Investigative Questions – this element refers to in which way users prefer to interact with the product. 
Information about users and the UI requirements should be considered in defining the following possible 
questions: How should the navigational structure of the system? How to design a UI, where should educational 
content, be visible to the users?
The Solution of (graphical) prototype – This concept refers to the possible interaction solutions, which are 
designed differently by generating several (paper, graphical or executable) prototypes for the same system.  As 
mentioned before, a prototype is an assessment tool used in user testing sessions. Even if users do not give 
suggestions for the improvement of a prototype, UI professionals can discover what users did or did not 
approve of a specific prototype solution. A final system can be produced from a prototype solution, which had 
good ratings for UI professionals. The other prototype solutions can be discarded;
UI Criterion and its values - a UI criterion refers to only one interaction aspect treated in a specific requisite. 
In the previous example of the requisite, the interaction mode, user tasks and devices could be three different 
criteria. Consider that the navigability aspect is a UI criterion, its possible values could be the following: B1. 
Easy navigability; B2. Medium navigability; B3. Difficult navigability. A UI criterion can also refer to a multi-
criteria alternative of prototype (see definition in the next item and Table 2).
Multi-criteria alternative of prototype - A multi-criteria alternative of prototype is defined by the 
instantiation of the UI criteria set and its respective values. Therefore, the combination of the UI criteria set and 
its respective values can be used to describe the alternatives of the multicriteria problem.  Table 2 presents the 
alternatives defined as a combination of three values for three criteria (information evidence, navigability, and 
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usability). In this example, only six alternatives (among 27 possibilities) are illustrated. A multi-criteria 
alternative of prototype of the problem can be defined as a UI criterion composed of values.
Table 2. Prototypes described as criteria values
Criteria: Information evidence Navigability Usability
Prototype 1 Al B2 Cl
Prototype 2 A2 B2 Cl
Prototype 3 A3 B3 C3
Prototype 4 Al Bl C2
Prototype 5 A2 B3 Cl
Prototype 6 Al Bl C3
UI rules –rules refer to the object used for evaluation as ISO, heuristics, constraints, etc. A rule can be 
inferred from a heuristic, which are recommendations on the best way to design a UI. For example, if content is 
an extra one to the content being shown on the main part of the screen, and then it must be shown in alternative 
spaces, as in another device screen [11].  Two types of rules of decision can also be generated from the results 
of the VDA method application. For illustrating this affirmation, consider that the alternative of prototype 4 
(Information easily evident, easy navigability, the facility of use reduced) of Table 2 represents one of the 
acceptable results collected from stakeholders’ opinion (as the users). Also, consider that this alternative had 
the best rate in terms of users’ preferences among the other alternatives. The set of criterion values of such 
alternative can generate rules of acceptance about UI design decisions. For instance, if the prototype has the 
availability of the information characteristic defined as easy to find, then the prototype should be accepted as a 
model for development. Rules of restrictions concern the non-preferable alternatives. For instance, if prototype 
presents a difficult navigability through the screens, then the prototype should not be accepted as a model for 
development.
The Final System - Two MAIS elements can refer to a possible interface that can be used in the future to 
develop the final system. They are the solution of graphical prototype and the multi-criteria alternative of 
prototype. UI professionals can look for a graphical prototype that fits the decision rules (specifically, the best 
rate multi-criteria alternative). If they identify a solution of prototype, the designer should proceed to detail 
such prototype (including aesthetic aspects of the interaction, for example) to make a final solution for the 
system. In the next section, we show how the proposed model integrates with MAIS process.
5. Application of the Model
Before starting a MAIS process, we suggest the designer should previously reflect about her/his intention of 
use in such process. A think-aloud strategy can ask for a designer to verbally communicate what s/he is 
thinking about the quality of interaction of the product being developed [12].  Thus, s/he can follow the 
proposed model by applying UI elements:
“I want to evaluate <the usability of the system: as the interaction aspects> 
In order to answer the following <investigation questions>
With respect to the accomplishment of <UI rules> 
By applying <techniques for the user participation>
Aiming < the expected results, as the preferable UI criteria, UI requirements> ". 
The transcription of this formalization establishes the basis for the verification of three items:
x What is evaluated (first and second lines): This item refers to the aspects of interaction that can affect 
the usability of the system under development, as well as the investigative questions related to these 
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aspects. An example of a question about the navigational aspect is the following: How should be the 
navigational relation among the screens?
x How it is evaluated (third and fourth lines): This item refers to the planning of evaluation techniques of 
the graphical prototypes. Here the context of evaluation for the realization of a usability test with user 
participation (the technique) should be defined (as the users’ tasks when using the prototype being 
evaluated, the devices of interaction, etc.). This item also refers to the verification of rules, in which are 
generally defined by the VDA method application. 
x For what achievements, the solutions are evaluated (fifth line): This item refers to the Expected Results 
(ERs) with the MAIS process. An example of an ER is the following: one of the prototypes, that were 
already designed, must be chosen as the viable one to generate the final system. Requirements can be 
used in the definition of an ER, because they establish the basis for the verification on what the system 
should look like as well as what it is expected to be important for the target users. An example of an ER 
here is the following: the viable prototype should be usable. Using the VDA methods, the preferable 
and non-preferable alternatives are also other expected results to be defined here. An example of an ER 
here is the following: the viable prototype will be one that has at least two more preferable aspects 
mentioned by all users involved in the opinion analysis. Another example is the following: the viable 
prototype will be the one that has no restriction rule. 
Given this scenario, in this work we explore the relationships between the MAIS model and the MAIS process 
in order to define some suggestions as a system manager of the development project interested in this approach. 
The suggestions are related to the involved professionals’ responsibilities and are the following: 
x UI professionals must have the UI requirements before running a MAIS process;
x UI professionals must define what will be evaluated, as well as investigative questions about the 
prototypes. Information about the ER (For what achievements) can also be thought of these definitions;
x The designer must elaborate at least three solutions of prototype considering the previous information in 
order to explore all the possibilities for each aspect being analyzed. The amount of solutions of 
prototype does not directly influences the effort of professionals to apply the MAIS process. The 
factor that affects more such effort is the amount of criteria, as it directly influences the generation of 
multi-criteria alternatives of prototype to be analyzed;  
x VDA professionals and the UI professionals must jointly define the criteria and the values criteria. In 
order to do so it is expected from VDA professionals to have knowledge of criteria description. They 
should know how many criteria should be applied depending on the VDA method, the level of detail of the 
values of a criterion, and they should realize if there is the possibility of integrating two or more very 
specific criteria;
x UI professionals must plan how the evaluation will take place. They must select the techniques to get the 
users’ opinion. The users’ opinions (such their preferences) must be analyzed by the involved UI 
professionals who observed the realization of the users’ tasks while interacting with each solution;
x VDA Professionals must apply VDA methods. If a classification algorithm is applied on the multi-criteria 
alternatives of prototype, then decision rules must be defined by all the involved professionals, including 
UI ones because the rules concern UI aspects;
x UI professionals must verify if the viable prototype is in accordance with the expected results; 
x If any graphical prototype is not viable as final solution, then the professionals should identify the 
preferable characteristics (criteria) in several multi-criteria alternatives of prototype in order to the designer 
to redesign one graphical prototype or to build a new one;
x All the involved professionals in MAIS process must take the final decision. 
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6. Conclusion and Future works
This paper presents the description of a model, which can guide stakeholders to structure what to evaluate, 
describe how to assess and to define the expected results of the evaluation of interaction solutions. This MAIS 
model aggregates interaction elements and user participation techniques coming from HCI, concepts from SE 
(like usability requirements), and concepts and methods from MCDA (the rules and multi-criteria). These 
elements, techniques, and methods represent characteristics derived from the comparative analysis that applied 
VDA methods for the same purpose. This model was formalized in order to illustrate how stakeholders 
supported by the MAIS process can use it. As future work, this model will be instantiated in three interactive 
systems treated by the works used in the comparative analysis. These instantiations will be performed in order 
to illustrate how the model could have guided designers to structure the problem to the analysis of the 
interaction design.
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